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(57) A steering apparatus controller for an electric 
power steering apparatus, which Includes an electric 
motor (M) for generating assist torque for assisting 
steering of a steering wheel (1) and the steering appa- 
ratus controller Is designed to execute a feedback con- 
trol of the applied drive voltage to the electric motor (M) 
based on the detection result of the actual cun^ent that 



flows through the motor. A sensor (22) detects the actual 
current to produce the detection result. When detecting 
an abnormal decrease of the drive voltage of the sensor 
(22), a voltage controller maintains the applied voltage 
to the electric motor (M) at the voltage at a predeter- 
mined time before the drive voltage abnormally de- 
creased. 
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Description 

[0001 ] The present invention relates to a steering ap- 
paratus controller for an electric power steering appara^ 
tus that applies assist torque to a steering system of a 
vehicle by a motor. 

[0002] A typical electric power steering apparatus us- 
es rotational force of an electric motor to assist steering 
of a steering wheel. In such an electric power steering 
apparatus, an electric motor applies assist torque that 
corresponds to the actual steering torque to a steering 
mechanism when a driver steers the steering wheel. 
[0003] The electric powersteering apparatus includes 
a steering apparatus controller for controlling the ap- 
plied voltage (motor drive voltage) to the electric motor. 
The steering apparatus controller has a motor driving 
device for driving the electric motor and a central 
processing unit (CPU) for sending command signals to 
the motor driving device In accordance with the motor 
drive voltage. 

[0004] The steering apparatus controller computes a 
motor drive current value required for the electric motor 
to generate the desired assist torque. The steering ap- 
paratus controller detects the current (actual current) 
that actually flows through the electric motor and exe- 
cutes a feedback control to determine the motor drive 
voltage with reference to the detected value of the actual 
current. 

[0005] In the feedback controL If, for example, the ac- 
tual current detection value decreases for some reason 
when the steering torque is constant, the steering appa- 
ratus controller increases the motor drive voltage to pre- 
vent the assist torque from dropping. The feedback con- 
trol permits the appropriate assist torque to be reliably 
obtained. 

[0006] An amplifier that uses, for example, an opera- 
tional amplifier, is generally located in the device for de- 
tecting the actual current. The amplifier amplifies a 
minute signal sent from the electric motor by a prede- 
termined gain at the operational amplifier and sends the 
amplified signal to the CPU. Power required for the op- 
erational amplifier to amplify the minute signal is sup- 
plied to the operational amplifier from the power source. 
The gain of the amplifier is maintained at a predeter- 
mined value by maintaining the voltage supplied to the 
operational amplifier, or the sensor drive voltage, at a 
predetermined level due to the structural feature of the 
operational amplifier. 

[0007] However, if the sensor drive voltage becomes 
less than the predetermined level for some reason, it 
becomes difficult to maintain the gain at the predeter- 
mined value and the gain might decrease, in this case, 
a phenomenon as shown in Fig. 6 is induced. 
[0008] Fig. 6 Illustrates the relationship among the 
steering torque 101 , the sensor drive voltage 102, the 
actual current detection value 1 03, the motor drive volt- 
age 104, and the actual current value 105, which actu- 
ally f lows thro ugh the motor, in Fig. 6, the steering torque 



1 01 is constant with respect to the temporal transition, 
[0009] As shown in Fig. 6, if the sensor drive voltage 

102 starts to decrease for some reason and become 
less than a predetemnlned voltage Vp, the actual current 

5 detection value 1 03 decreases (t1 0 to t20) according to 
the decrease of the gain of the operational amplifier al- 
though the steering torque is not changed. The voltage 
Vp is a minimum voltage value required for amplifying 
the signal with the nonnal gain at the operational ampli- 

10 tier. 

[0010] When the actual current detection value 103 
decreases, the steering apparatus controller increases 
the motor drive voltage 1 04 to prevent the assist torque 
from dropping. This increases the actual current value 
15 105. 

[0011] In this case, since the steering torque is not 
actually changed, the increase of the current value of 
the actual current causes the electric motor to generate 
excessive assist torque. Since the excessive assist 

20 torque tums the steering wheel excessively, the steering 
torque, for example, might be applied to the torque sen- 
sor, which detects the steering torque, in the direction 
opposite to the direction that the driver has been apply- 
ing the steering torque. If the steering torque is applied 

25 to the torque sensor in the opposite direction, the steer- 
ing apparatus controller reverses the rotational direction 
of the electric motor. If this is repeated, the steering 
mechanism causes vibration, which deteriorates the 
steering feeling. 

30 [001 2] The objective of the present invention is to pro- 
vide a steering apparatus controller for an electric power 
steering apparatus that prevents deterioration of the 
steering feeling due to vibration of a steering mecha- 
nism. 

35 [0013] To achieve the above objective, the present in- 
vention provides a steering apparatus controller for an 
electric powersteering apparatus. The steering appara- 
tus controller executes a feedback control of an applied 
voltage to an electric motor. The electric motor gener- 
ic ates assist torque for assisting steering of a steering 
wheel. The assist torque is based on a detection result 
of an actual cun-ent that flows through the electric motor. 
The steering apparatus controller includes a sensor and 
a voltage controller. The sensor detects the actual cur- 
^5 rent. When the sensor detects an abnormal decrease of 
a drive voltage of the sensor, the voltage controller main- 
tains the applied voltage to the electric motor to a drive 
voltage at a predetermined time before the drive voltage 
abnormally decreased. 
50 [0014] The present invention also provides a control- 
ling method for an electric power steering apparatus. A 
steering apparatus controller executes a feedback con- 
trol of an applied voltage to an electric motor. The elec- 
tric motor generates assist torque for assisting steering 
55 of a steering wheel based on a detection result of an 
actual current that flows through the electric motor. The 
detected actual current is detected by a sensor. The 
method includes: detecting an abnormal decrease of a 
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drive voltage of the sensor; and when detecting an ab- 
normal decrease of the drive voltage of the sensor, 
nhaintaining the applied drive voltage to the electric mo- 
tor to a drive voltage at a predetemiined time before the 
drive voltage abnormally decreased. 
[001 5] Other aspects and advantages of the invention 
will become apparent from the following description , tak- 
en in conjunction with the accompanying drawings, il- 
lustrating by way of example the principles of the inven- 
tion. 

[0016] The invention, together with objects and ad- 
vantages thereof, may best be understood by reference 
to the following description of the presently preferred 
embodiments together with the accompanying drawings 
in which: 

Fig. 1 is a schematic view illustrating a control ap- 
paratus for an electric power steering apparatus ac- 
cording to a preferred embodiment of the present 
invention; 

Fig. 2 is a control block diagram illustrating the con- 
trol apparatus for the electric power steering appa- 
ratus shown in Fig. 1 ; 

Fig. 3 is a block diagram illustrating the motor drive 
circuit according to the preferred embodiment; 
Fig. 4 Is a control flowchart of a central processing 
unit according to the preferred embodiment; 
Fig. 5 is a graph showing the relationship between 
the sensor drive voltage and several characteristics 
Including the actual current value according to the 
preferred embodiment; 

Fig. 6 Is a graph showing several characteristics in- 
cluding the sensor drive voltage and the actual cur- 
rent according to a prior art; 
Fig. 7 is a graph showing the characteristics of the 
motor drive voltage according to the preferred em- 
bodiment; and 

Fig. 8 is a graph showing the characteristics of the 
motor drive voltage according to the preferred em- 
bodiment. 

[0017] A steering apparatus controller according to a 
preferred embodiment of the present invention will now 
be described with reference to Figs. 1 to 5, 7, and 8. The 
steering apparatus controller is used for an electric pow- 
er steering apparatus mounted on an automobile. 
[001 8] Fig. 1 is a schematic view of the electric power 
steering apparatus and the steering apparatus control- 
ler. 

[001 9] The electric power steering apparatus includes 
a steering wheel 1 , a steering shaft 2, which is coupled 
to the steering wheel 1 , and a torsion bar 3. A torque 
sensor 4 Is attached to the torsion bar3. When the steer- 
ing shaft 2 is rotated and force is applied to the torsion 
bar 3, the torsion bar 3 is twisted according to the 
strength of the force. The torque sensor 4 detects the 
twist, or the steering torque Ts applied to the steering 
wheel 1 . The torque sensor 4 sends a signal represent- 



ing the steering torque Ts to a central processing unit 
(CPU) 20. 

[0020] A reduction gear 5 is attached to the steering 
shaft 2, The reduction gear 5 is engaged with a gear 7, 

5 which is attached to a rotary shaft of an electric motor M. 
[0021] Further, a pinion shaft 8 is attached to the re- 
duction gear 5. A pinion 9 is secured to the distal end of 
the pinion shaft 8. The pinion 9 engages with a rack 10. 
The rack 1 0 and the pinion 9 constitute a rack-and-pin- 

10 Ion mechanism 11 . 

[0022] A tie rod 1 2 is secured to each end of the rack 
1 0. A knuckle 1 3 is rotatably coupled to one of the distal 
ends of each tie rod 12. Each knuckle 13 is secured to 
one of front wheels 14. One end of each knuckle 13 is 

15 rotatably coupled to one of the ends of a cross member 

15. When the motor M is rotated, the rotational speed 
of the motor M is reduced by the reduction gear 5 and 
transmitted to the rack 10. Accordingly, the rack 10 
changes the direction of the front wheels 1 4 via the tie 

20 rods 12 and the knuckles 13. Thus, the traveling direc- 
tion of the vehicle is changed. 

[0023] A vehicle speed sensor 16 is arranged at one 
of the front wheels 14. The vehicle speed sensor 16 
sends detection signals con'esponding to the rotational 
25 speed of the front wheels 1 4 to the GPU 20. The detec- 
tion signals represent the vehicle speed Vs. 
[0024] In the preferred embodiment, the CPU 20 de- 
termines a drive voltage command value Va to be sent 
to a motor drive circuit 21 based on signals representing 
30 the steering torque Ts and the vehicle speed Vs sent 
from the torque sensor 4 and the vehicle speed sensor 

16. The motor drive circuit 21 sends drive current cor- 
responding to the drive voltage command value Va sent 
from the CPU 20 to the motor M . The motor M generates 

35 torque for assisting a driverto steerthe steering wheel 1 . 
[0025] In the preferred embodiment, the motor drive 
circuit 21 includes a current sensor 22 (see Fig. 3) for 
detecting the drive current that actually flows through 
the motor M. A signal representing the actual current 

40 detection value Im is sent to the CPU 20. The drive volt- 
age command value Va, or the applied voltage (motor 
drive voltage) to the motor M, Is feedback-controlled by 
the CPU 20 based on the detection result of the actual 
current detection value Im of the motor M. 

45 [0026] If, for example, the actual current detection val- 
ue Im decreases for some reason when the steering 
torque Ts is constant, the CPU 20 increases the motor 
drive voltage to prevent the assist torque from dropping. 
[0027] In the preferred embodiment, the CPU 20 and 

50 the motor drive circuit 21 constitute the steering appa- 
ratus controller 

[0028] The functions and operations of the steering 
apparatus controller will now be described with refer- 
ence to block diagrams shown in Figs. 2 and 3. The CPU 
55 20 executes a program stored in a read only memory 
(ROM), which is not shown, located in the steering ap- 
paratus controller. The program may be recorded on a 
recording medium such as a magnetic disk. 
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[0029] As shown in Fig. 2, the CPU 20 receives the 
steering torque Ts and the vehicle speed Vs sent fronn 
the torque sensor 4 and the vehicle speed sensor 16. 
The CPU 20 computes an actual current command val- 
ue la to be sent to the motor M based on the steering 
torque Ts and the vehicle speed Vs by a current com- 
mand value calculator 23 and sends the actual current 
command value la to a current controller 24. 
[0030] The C PU 20 receives the actu al cu rrent detec- 
tion value Im sent from the motor drive circuit 21 and 
computes the current command value lb of the normal 
state based on the present current command value la 
and the actual cun-ent detection value Im to generate 
assist torque appropriate for the steering torque Ts and 
the vehicle speed Vs. The CPU 20 then sends the com- 
puted current command value lb to a pulse width mod- 
ulation (PWM) calculator 25. At this time, the CPU 20 
stores the current command value lb in a RAM (not 
shown) located in the steering apparatus controller 
[0031 ] At the receipt of the current command value lb 
of the nomnal state, the CPU 20 performs a PWM cal- 
culation based on the current command value lb at the 
PWM calculator 25. The CPU 20 sends the calculation 
result to the motor drive circuit 21 as the drive voltage 
command value Va. As a result, the motor M is control- 
led via the motor drive circuit 21 . Thus, the motor M ex- 
erts appropriate assist torque according to the detected 
steering torque Ts and the vehicle speed Vs. 
[0032] As shown in Fig. 3, the motor drive circuit 21 
includes a gate drive circuit 26 and a bridge circuit 27. 
The gate drive circuit 26 receives the drive voltage com- 
mand value Va sent from the PWM calculator 25 of the 
CPU 20. 

[0033] The bridge circuit 27 includes first to fourth 
transistors Tri , Tr2, Tr3, and Tr4, each consisting of 
MOS-FETs (Field Effect Transistors). In the preferred 
embodiment, the first transistor Tri and the second tran- 
sistor Tr2 are serially connected to each other and the 
third transistor Tr3 and the fourth transistor Tr4 are se- 
rially connected to each other Two sets of serial tran- 
sistors are connected in parallel. 

[0034] A motor power source 28 is connected to the 
node between the first transistor Tri and the third tran- 
sistor Tr3. The node between the second transistor Tr2 
and the fourth transistor Tr4 is grounded via a resistor 
29. Further, the motor M is connected to the bridge cir- 
cuit 27 between the node of the first and second tran- 
sistors Tr1 , Tr2 and the node of the third and fourth tran- 
sistors Tr3, Tr4. The node between the third transistor 
Tr3 and the fourth transistor Tr4 is connected to the mo- 
tor M via a power discontinuing device, which is a motor 
relay 30. The motor relay 30 is connected to the CPU 
20 via a relay drive circuit, which is not shown, located 
in the steering apparatus controller 
[0035] The gate drive circuit 26 Is constituted by, for 
example, a pulse width modulation circuit, a logical cir- 
cuit, and the like- The gate drive circuit 26 supplies volt- 
age to each of the transistors Tri to Tr4 in accordance 



with the drive voltage command value Va sent from the 
CPU 20 to control the drive current to the motor M, or 
the rotational direction and the drive torque (rotational 
angle) of the motor M. 

5 [0036] For example, if the drive voltage command val- 
ue Va is assigned when the rotational direction of the 
motor M is clockwise, the gate drive circuit 26 supplies 
voltage to the gate terminals of the second and third 
transistors Tr2 and Tr3. Accordingly, current flows to the 

10 third transistor TrS, the motor M, and the second tran- 
sistor Tr2 in this order causing the motor M to rotate 
clockwise. 

[0037] On the contrary, when the rotational direction 
of the motor M is counterclockwise, the gate drive circuit 

IS 26 supplies voltage to the gate tenminals of the first and 
fourth transistors Tr1 and Tr4. Accordingly, current flows 
to the first transistor Tr1 , the motor M, and the fourth 
transistor Tr4 in this direction causing the motor M to 
rotate counterclockwise. 

20 [0038] As described above, the CPU 20 controls the 
direction and level of current that flows to the motor M 
to control the rotational direction and the drive torque of 
the motor M. In the case of either rotational directions, 
the amount of current that is the same as the current 

25 actually flowing through the motor M flows through the 
resistor 29 while the motor M is rotated by the voltage 
supply from the gate drive circuit 26. 
[0039] in addition to stopping the current supply to the 
motor M from the motor drive circuit 21, the path be- 
so tween the bridge circuit 27 and the motor M may be dis- 
continued by the motor relay 30 to stop the motor M. 
When the path Is discontinued by the motor relay 30. 
the counterflow of current to the bridge circuit 27 is pre- 
vented from being caused by the counter electromotive 

35 force of the motor 

[0040] The current sensor 22 has an amplifier 22a that 
uses, for example, an operational amplifier for amplify- 
ing input signals from terminals connected to both ends 
of the resistor 29. The current sensor 22 amplifies the 

40 signals from the temnlnals with a predetermined gain at 
the amplifier 22a and sends the amplified signals to the 
CPU 20 as the actual current detection value Im. 
[0041 ] The current sensor 22 is connected to a sensor 
power source 31 , which is a power source for permitting 

45 the amplifier 22a to amplify signals, or driving the current 
sensor 22, The gain of the current sensor 22 is main- 
tained at a predetermined value by keeping the power 
source voltage (sensor drive voltage Vb) at a predeter- 
mined level, or at a reference voltage Vd due to the 

50 structural feature of the operational amplifier used in the 
amplifier 22a. 

[0042] The sensor power source 31 has a voltage 
sensor 31 a for detecting the voltage of the sensor power 
source 31 . The voltage sensor 31 a sends signals con- 
55 cerning the sensor drive voltage Vb to the CPU 20. 
[0043] As shown in Fig. 2, the CPU 20 has an abnor- 
mality sensor 32. The abnomnality sensor 32 and the 
voltage sensor 31 a form abnormality detection means 
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"for the sensor drive voltage. When the abnormality sen- 
sor 32 receives the sensor drive voltage Vb sent from 
the voltage sensor 31 a, the CPU 20 compares the sen- 
sor drive voltage Vb with the reference voltage Vd. 
Then, the CPU 20 sends a signal C concerning the com- 
parison result to the current controller 24. 
[0044] If the signal C represents that the sensor drive 
voltage Vb is less than the reference voltage Vd, it is 
determined abnormal at the current controller 24, and 
the CPU 20 executes a control that Is different from the 
feedback control executed in the normal state, in which 
the sensor drive voltage Vb is greater than or equal to 
the reference voltage Vd. That Is, the CPU 20 controls 
the level of the applied voltage to the motor M to be 
maintained at the level before'the abnormality occurs 
and when the drive voltage Vb is normal. The CPU 20 
replaces the current command value lb to be sent to the 
PWM calculator 25 with the current command value lb, 
which is stored in the RAM at a predetermined time in 
the normal state before the abnormality occurs. Thus, 
the current command value lb is maintained constant. 
This prevents the assist torque from increasing exces- 
sively due to the decrease of the gain of the current sen- 
sor 22. 

[0045] The current controller 24, the PWM calculator 
25, and the motor drive circuit 21 constitute a voltage 
controller 

[0046] The CPU 20 includes an abnomriality detection 
timer (not shown) and a normality detection timer (not 
shown). The abnormality detection timer calculates the 
time elapsed from when the abnormality of the drive volt- 
age of the current sensor 22 is caused. The normality 
detection timer calculates the time elapsed from when 
the drive voltage of the current sensor is restored from 
the abnormal state to the normal state. 
[0047] The operations of the above mentioned elec- 
tric power steering apparatus will now be described with 
respectto the program processing operation of the CPU 
20 with reference to a flowchart shown in Fig. 4. 
[0048] In step SI the CPU 20 compares the sensor 
drive voltage Vb with the reference voltage Vd. If it is 
determined that the sensor drive voltage Vb Is less than 
the reference voltage Vd, the CPU 20 determines it is 
abnomrjal and proceeds to step S2. 
[0049] In step S2, the CPU 20 Increments the abnor- 
mality detection timer. In step S3, the CPU 20 clears the 
normality detection timer and sets the elapsed time to 
zero. 

[0050] In step S4, the CPU 20 determines whether an 
abnomnallty detection flag Is on. If It is determined that 
the abnormality detection flag is off, the CPU 20 pro- 
ceeds to step S5. 

[0051] In step S5, the CPU 20 maintains the level of 

the motor drive voltage to the level at the predetermined 
time In the normal state before the abnormality occurs. 
[0052] In step S6, the CPU 20 compares and deter- 
mines whether the cumulative time of the abnormality 
detection timer is greater than a predetermined time ta. 



If it is detennined that the cumulative time is less than 
or equal to the predetermined time ta, the CPU 20 ter- 
minates the routine to return to step S1 . On the other 
hand, if it is determined that the cumulative time is great- 
5 erthan the predetermined time ta, the CPU 20 proceeds 
to step S7. In step S7, the CPU 20 turns the abnormality 
detection flag on and stores the result In the RAM. 
[0053] On the other hand, if it Is determined that the 
abnormality detection flag is on in step 84, the CPU 20 
10 determines that a gradual decrease process of the mo- 
tor drive voltage has already been performed in the 
former routine. Thus, the CPU 20 skips steps S5 to S7 
and proceeds to step 88. In step 88, the CPU 20 starts 
the gradual decrease process of the motor drive voltage 
IS forthis routine. In the gradual decrease process,-the cur- 
rent controller 24 computes and sends the current com- 
mand value lb to the PWM calculator 25 such that the 
motor drive voltage is gradually decreased. 
[0054] In step 89, the CPU 20 detennines whetherthe 
20 cumulative time of the abnormality detection timer is 
greater than a predetennined time tb (ta < tb). If it Is de- 
termined that the cumulative time is less than or equal 
to the predetermined time tb, the CPU 20 temninates the 
routine to return to step S1 . On the other hand, if it is 
25 detemnined that the cumulative time is greater than the 
predetermined time tb, the CPU 20 proceeds to step 
810. 

[0055] In step 810, the CPU 20 turns off the motor 
relay 30 and discontinues the path between the motor 
30 drive circuit 21 and the motor M. 

[0056] In step S1 1 , the CPU 20 turns on an abnormal- 
ity confirmation flag and stores the result in the RAM, 
and then terminates the control procedure of the motor 
M. 

35 [0057] If it is determined that the sensor drive voltage 
Vb Is greater than or equal to the reference voltage Vd 
in step S1 , the CPU 20 determines it is normal and pro- 
ceeds to step 812. 

[0058] In step SI 2, the CPU 20 determines whether 

<o the abnormality detection flag is on. If It is determined 
that the abnonnality detection flag is on, the CPU 20 de- 
termines that the sensor drive voltage Vb is restored 
from the abnormal state to the normal state, and pro- 
ceeds to step 81 3. In step S13, the CPU 20 increments 

45 the normality detection timer 

[0059] In step S14, the CPU 20 detennines whether 
the cumulative time of the normality detection timer is 
greater than a predetermined time tc. In this embodi- 
ment, the predetermined time tc is less than the prede- 

50 termined time ta (tc < ta). If it is determined that the cu- 
mulative time is greater than the predetermined time tc, 
the CPU 20 proceeds to step 815. In step 815, the CPU 
20 clears the abnormality detection timer Then, In step 
S1 6, the CPU 20 clears the normality detection timer In 

55 step 8 17, the CPU 20turnsoff the abnormality detection 
flag and stores the result In the RAM. 
[0060] On the other hand, if it is determined that the 
cumulative time is less than or equal to the predeter- 
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mined time tc in step S 1 4, the CPU 20 proceeds to step 
SI 8 and gradually Increases the motor drive voltage. In 
this process, the current controller 24 computes and 
sends the current command value lb to the PWM calcu- 
lator 25 such that the motor drive voltage is gradually 
increased. The upper limit of the current command value 
lb calculated In this control procedure to gradually in- 
crease the motor drive voltage Is set to the current com- 
mand value la sent from the current command value cal- 
culator 23. 

[0061] If it Is determined that the abnormality detec- 
tion flag is off in step S1 2. the CPU 20 proceeds to step 
SI 9 and clears the abnormality detection timer. In step 
S20, the CPU 20 stops maintaining the motor drive volt- 
age. In step S21 , the CPU 20 executes the nomnal feed- 
back control. 

[0062] Fig. 5 shows the relationship among the steer- 
ing torque Ts, the sensor drive voltage Vb, the actual 
current detection value Im, the motor drive voltage, and 
the current actually flowing through the motor M (actual 
current value) during the control procedure for maintain- 
ing the motor drive voltage. The steering torque Ts and 
the vehicle speed Vs are constant with respect to the 
temporal transition. 

[0063] As shown in Fig. 5, If the sensor drive voltage 

Vb starts to decrease for some reason and become less 
than the reference voltage Vd (time t1 ) the actual cun^ent 
detection value Im starts to decrease according to the 
decrease of the gain of the amplifier 22a. At this time, 
although the actual current detection value Im decreas- 
es, the CPU 20 detemnines that the sensor drive voltage 
Vb has become less than the reference voltage Vd. 
Thus, the motor drive voltage is controlled to be main- 
tained to a value at a predetermined time (for example, 
time tO) in the nomnal state before the time t1 . Accord- 
ingly, the actual current value Is maintained to a value 
at the predetemnined time, which prevents the assist 
torque from excessively Increasing above the required 
amount. 

[0064] The motor drive voltage Vx slightly increases 
during a short time from the time t1 to a time t2 at which 
the motor drive voltage Vx is maintained to a value at 
the predetermined time in the normal state by the CPU 
20, and the actual current value Ix slightly increases ac- 
cordingly as shown in Fig. 5. However, the Increase of 
the assist torque Is not enough to induce the deteriora- 
tion of the steering feeling. 

[0065] Fig. 7 shows the characteristics of the steering 
torque Ts and the motor drive voltage Vx during the con- 
trol procedure of the CPU 20 for gradually decreasing 
the motor drive voltage Vx. Fig. 8 shows the character- 
istics of the steering torque Ts and the motor drive volt- 
age Vx during the control procedures of the CPU 20 for 
gradually decreasing and gradually increasing the mo- 
tor drive voltage Vx. The steering torque Ts and the ve- 
hicle speed Vs are constant with respect to the temporal 
transition. 

[0066] when It is detemnined that the sensor drive volt- 



age Vb is less than the reference voltage Vd, and the 
cumulative time of the abnormal detection timer is great- 
er than the predetermined time ta, the CPU 20 gradually 
decreases the motor drive voltage (during time t5 to t6) 

5 by repeatedly performing the gradual decrease process 
of the motor drive voltage. Fig. 7 shows a state in which 
the motor drive voltage Is decreased to zero before the 
cumulative time of the abnormal detection timer ex- 
ceeds the predetermined time tb, or before the motor 

10 relay 30 is turned off. 

[0067] Fig. 8 shows that by repeating the gradual de- 
crease process of the motor drive voltage, the motor 
drive voltage Vx gradually decreases during time t7 and 
time t8. When the sensor drive voltage Vb becomes 

15 greater than or equal to the reference voltage value Vd, 
the motor drive voltage Vx is gradually increased during 
time t8 to t9 by repeating the gradual increase process. 
The gradual increase process of the motor drive voltage 
Vx is repeated until the current command value lb cal- 

20 culated in the gradual increasing process becomes 
equal to the current command value la. 
[0068] The present invention, provides the following 
advantages. 

25 (1) when the abnormality sensor 32 detects an ab- 
nomnal decrease of the sensor drive voltage vb, the 
applied voltage to the motor M (motor drive voltage 
Vx) is maintained to the voltage at the predeter- 
mined time before the abnormal decrease occurs. 

30 In this case, although the actual current detection 
value Im decreases due to the abnormal decrease 
of the sensor drive voltage Vb, the abnormality sen- 
sor 32 detects the abnomrial decrease of the sensor 
drive voltage Vb. Thus, the motor drive voltage Vx 

35 is maintained to the voltage at the predetermined 
time before the abnomfia! decrease occurs. That is, 
since the motor drive voltage Vx is prevented from 
being increased by the feedbacl< control based on 
the actual current detection value Im, the assist 

40 torque is prevented froni being excessively gener- 
ated by the motor M. Therefore, the steering feeling 
is prevented from deteriorating due to the exceissive 
increase of the assist torque. 

In the preferred embodiment, when the cumu- 

45 lative time of the abnormality detection timer ex- 
ceeds the predetermined time tb, or when the ab- 
nomrial decrease of the sensor drive voltage Vb is 
continued over the predetermined time, the motor 
relay 30 is turned off while preventing the motor 

50 drive voltage Vx from being increased by the feed- 
back control. That is, the steering feeling is prevent- 
ed from deteriorating from when the abnormality oc- 
curs until the motor relay 30 is turned off. 

55 (2) When the motor drive voltage is maintained con- 
stant for a predetermined time period, the voltage 
controller gradually decreases the motor drive volt- 
age. That is, the motor M is stopped without rapidly 
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changing the assist torque. 

(3) When the sensor drive voltage Vb restores from 
the gibnomnalty decreased state to the normal state 
while the motor drive voltage is gradually de- 
creased, the voltage controller gradually increases 
the motor drive voltage. That is, the control proce- 
dure of the motor M is shifted to the nonnal feed- 
back control without rapidly changing the assist 
torque. 

(4) Power is supplied to the motor M via the motor 
relay 30. . In this case, the counterflow of current 

. caiiised by.;counter electromotive force of th e motor 
M is prevented. 

[0069] It should be apparent to those sl<illed in the art 
that the present invention may be embodied in many 
other specific forms without departing from the spirit or 
scope of the invention. Particularly, it should be under- 
stood that the invention may be embodied in the follow- 
ing forms. 

[0070] The voltage of the sensor power source 31 
need not be directly detected by the voltage sensor 31a. 
[0071 ] The transistors Tr1 to Tr4 of the bridge circuit 
27 need not consist of MOS-FETs. Other switching ele- 
ments may be use as long as the elements can be used 
for controlling the rotational direction or drive force of 
the motor M. 

[0072] The motor M need not be a direct current mo- 
tor. For example, a brushless type motor or a linear mo- 
tor may be used. 

[0073] The voltage controlling means may be de- 
signed such that In the case, in which the sensor drive 
voltage Vb is restored from the abnormally decreased 
state to the normal state while the motor drive voltage 
is gradually decreased, the motor drive voltage is grad- 
ually increased if the normal state is continued for a pre- 
determined time period or more. 
[0074] Therefore, the present examples and embod- 
iments are to be considered as illustrative and not re- 
strictive and the invention is not to be limited to the de- 
tails given herein, but may be modified within the scope 
and equivalence of the appended claims. 
[0075] A steering apparatus controller for an electric 
power steering apparatus, which Includes an electric 
motor (M) for generating assist torque for assisting 
steering of a steering wheel (1) and the steering appa- 
ratus controller is designed to execute a feedback con- 
trol of the applied drive voltage to the electric motor (M) 
based on the detection result of the actual current that 
flows through the motor. A sensor (22) detects the actual 
current to produce the detection result. When detecting 
an abnormal decrease of the drive voltage of the sensor 
(22), a voltage controller maintains the applied voltage 
to the electric motor (M) at the voltage at a predeter- 
mined time before the drive voltage abnormally de- 
creased. 



Claims 



voltage abnonnally decreased. 

2. The steering apparatus controller for an electric 
power steering apparatus according to claim 1, 
25 characterized in tiiat, when the applied voltage to 
the electric motor (M) is maintained constant for a 
predetermined time period, the voltage controller 
gradually decreases the applied voltage. 

30 3. The steering apparatus controller for an electric 
power steering apparatus according to claim 2, 
ciiaracterized in that, when the drive voltage of the 
sensor (22) is restored from an abnomnally de- 
creased state to a normal state while the applied 

35 voltage to the electric motor (M) is gradually de- 
creased, the voltage controller gradually increases 
that applied vottage. 

4. The steering apparatus controller for an electric 
^0 power steering apparatus according to any one of 
claims 1 to 3, characterized in that power Is sup- 
plied to the electric motor via a power discontinuing 
device (30). 

^5 5. A controlling method for an electric power steering 
apparatus, wherein a steering apparatus controller 
executes a feedback control of an applied voltage 
to an electric motor (M), which electric motor (M) 
generates assist torque for assisting steering of a 
steering wheel (1), based on a detection result of 
an actual current that flows through the electric mo- 
tor (M), said detected actual current being detected 
by a sensor (22), the method characterized by: 

detecting an abnormal decrease of a drive volt- 
age of said sensor (22); and 
wherein, when detecting an abnormal de- 
crease of the drive voltage of the sensor (22), 



1 . A steering apparatus controller for an electric power 
steering apparatus, wherein the steering apparatus 

5 controller executes a feedback control of an applied 
voltage to an electric motor (M), which electric mo- 
tor (M) generates assist torque for assisting steer- 
ing of a steering wheel (1), said assist torque being 
based on a detection result of an actual current that 

10 flows through the electric motor (M), the steering 
apparatus controller characterized by: 

a sensor (22) for detecting the actual current; 
and 

15 a voltage controller (21 , 24, 25), wherein, when 

said sensor (22) detects an abnormal decrease 
of a drive voltage of the sensor (22) , the voltage 
controller (21 , 24, 25) maintains the applied 
voltage to the electric motor (M) to a drive volt- 

20 age at a predetermined time before the drive 
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maintaining tine' applied drive voltage to the 
electric motor (M) to a drjve voltage at a prede- 
termined tirne tjefore the drive yoltage abnor- 
mally decreased. . 
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